Hydrogen Bond Restraints. Each hydrogen bond was restrained by two distances (donor atom to acceptor atom and proton to acceptor atom) which correspond to ideal hydrogen bond geometry. The force constant for hydrogen bond restraints was kept at 100 kcal.mol -1 .Å -2 throughout the computation.
Planarity Restraints. Planarity restraints were enforced on the base atoms for the G3•G10•G15•G22 and G4•G21•G16•G9 tetrads, and the G8•C17, G20•C5, and G14•C11 base-pairs. Repulsive Restraints. Repulsive restraints (4.5 -80 Å) were applied on pairs of protons that do not exhibit cross-peaks in NOESY.
Distance Geometry Simulated Annealing. An extended conformation of the d[AGGG(CTAGGG) 3 ] sequence with ideal geometry was generated randomly using XPLOR-NIH. The extended DNA was then subjected to distance geometry simulated annealing (DGSA) by supplying the full set of hydrogen bond, distance, dihedral, planarity, and repulsive restraints. 100 structures were generated and subjected to further refinements.
Distance-restrained Molecular Dynamics Refinement. All 100 DGSA structures were refined with distance-restrained molecular dynamics. The system was heated from 300 K to 1000 K in 5 ps and allowed to equilibrate for 1 ps, wherein the force constants for the distance restraints were kept at 2 kcal.mol -1 .Å -2 . The force constants for nonexchangeable and exchangeable proton distance restraints were then scaled to final values of 50 and 40 kcal.mol -1 .Å -2 , respectively, in a 26-ps interval. Subsequently, the system was slowly cooled down to 300 K in 14 ps, after which equilibration was performed for another 10 ps. Coordinates of the molecule were saved every 0.5 ps during the last 4.0 ps and averaged. In the final step, the average structure was subjected to minimization until the gradient of energy was less than 0.1 kcal.mol -1 . Dihedral (200 kcal.mol -1 .rad -2 ) and planarity (5 kcal.mol -1 .Å -2 for both tetrads and G•C base-pairs) restraints were maintained throughout the course of refinement. 10 best structures were selected, based on the overall energy term, to undergo relaxation matrix intensity refinement.
Relaxation Matrix Intensity Refinement. Relaxation matrix intensity refinement was next performed to account for spin diffusion effects. The relaxation matrix was set up for the non-exchangeable protons. NOE intensity volumes of 108 cross-peaks for each of three mixing times (100, 200, and 350 ms) were employed. The exchangeable imino and amino protons were all replaced by deuterons. Heating was done from 5 K to 300 K. The force constant for NOE intensities was increased from 2 to 300 kcal.mol -1 .Å -2 , while the force constant for non-exchangeable proton distance restraints were decreased from 50 to 30 kcal.mol -1 .Å -2 . The force constant for exchangeable proton distance restraints was maintained at 40 kcal.mol -1 .Å -2 . After that, the system was equilibrated at 300 K for 3 ps and energy-minimized. The planarity restraints were set to very low values of 1 kcal.mol -1 .Å -2 for the tetrads and 0.5 kcal.mol -1 .Å -2 for the G•C base-pairs. Table S1 . Natural and modified human telomeric DNA sequences used in this study a,b Repeat Type Sequence Name Canonical Table S2 . Site-specific labeled DNA sequences used in this study a-d Type Sequence P15 N-labeled A *GGG CTA GGG CTA GGG CTA GGG A G*GG CTA GGG CTA GGG CTA GGG A GG*G CTA GGG CTA GGG CTA GGG A GGG CTA *GGG CTA GGG CTA GGG A GGG CTA G*GG CTA GGG CTA GGG A GGG CTA GG*G CTA GGG CTA GGG A GGG CTA GGG CTA *GGG CTA GGG A GGG CTA GGG CTA G*GG CTA GGG A GGG CTA GGG CTA GG*G CTA GGG A GGG CTA GGG CTA GGG CTA *GGG A GGG CTA GGG CTA GGG CTA G*GG 2 H-labeled A # GGG CTA GGG CTA GGG CTA GGG A GGG CTA G # GG CTA GGG CTA GGG A GGG CTA GGG CTA # GGG CTA GGG A GGG CTA GGG CTA GGG CTA # GGG U-substituted A GGG CUA GGG CTA GGG CTA GGG A GGG CTA GGG CUA GGG CTA GGG A GGG CTA GGG CTA GGG CUA GGG 
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